Miniature directional coupler with different dielectric parameters by Quang, Hung, L. et al.
IOP Conference Series: Materials Science and Engineering
PAPER • OPEN ACCESS
Miniature directional coupler with different dielectric parameters
To cite this article: Luu Quang Hung et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 630 012015
 
View the article online for updates and enhancements.
This content was downloaded from IP address 212.193.78.232 on 15/10/2020 at 07:50
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
ICIPCE 2019














, Pham Huu Tan
1
 and Nikolay S. Knyazev
2
 
1 Vietnam Maritime University, Hai Phong, Vietnam 
2 Ural Federal University, Yekaterinburg, Russian 
 
hung.luuquang@vimaru.edu.vn, phamhuutan@vimaru.edu.vn, nknyazev@yandex.ru 
Abstract. A study aimed at identifying the effect of substrate parameters such as dielectric 
permittivity and thickness on the characteristics of directional couplers, whose dimensions are 
reduced by means of compact structures. It was found that with the increase in the thickness of 
the substrate in a compact coupler increases the frequency band and the degree of 
miniaturization, and with increasing dielectric constant Vice versa. 
1. Introduction 
In the development of directional couplers it is important to consider what is the impact of a particular 
parameter of the microwave substrate on its characteristics. This is especially important in the design 
of compact couplers, since in this case the substrate material can affect the degree of miniaturization, 
frequency band, and loss. Various compact structure applied with the purpose to reduce the 
dimensions of the microstrip taps with a minimum deterioration in its characteristics. Compact 
structures consist of a set of inductances and capacitances. The literature has already described many 
works concerning the miniaturization of taps, consider only some of them, in [1] proposed to reduce 
the size using quasi-concentrated elements, in [2] equivalent transmission lines, in [3] U-shaped 
capacitances, in [4] periodic capacitive loads, asymmetric T-shaped structures in [5], low-pass filters 
in [6,7,8], slow-down systems in [9,10], artificial transmission lines in [11-13], fractal structures in 
[14,15], in [16] high-resistance elements, in [17] loaded loops, in [18-21] interdigital capacitors. These 
works and the structures described in them are made on a variety of dielectrics. Therefore, in this 
paper we will investigate the influence of parameters such as the dielectric constant and the thickness 
of the microwave dielectric. 
2. Design 
The study was carried out on a standard model of a coupler with two loops. Its topology operating at a 
frequency of 2 GHz and calculated in a specialized program is shown in Fig.1. The frequency 
characteristics of the coupler modeled on a substrate with a dielectric constant of 4.4 and a thickness 
of 1 mm are shown in Fig.2.3. 
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Figure 1. Topology directional 
coupler 
 Figure 2. S-parameters from frequency 
 
 
Figure 3. Phase on frequency 
 
The same topology and characteristics were obtained for the dielectric constant of 2.5, 3.4, 4.4 and 5.5 
for the thickness of 1 mm. And then with dielectric constant 4.4 with thickness of the substrate 1, 1.5 
and 2 mm. This was done to obtain data for later comparison with compact taps. For Fig.4 shows the 





Figure 4. Topology of a quarter-
wave segment and a compact 
structure with an impedance of 50 
Ohm 
 Figure 5. Phase on frequenc 
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Figure 6. Frequency characteristics of a compact structure 
 
 
The compact coupler on the substrate e=5.5 and h=1 mm is shown in figure 7, and its frequency 





Figure 7. Compact coupler 
topology 
 Figure 8. S-parameters from frequency 
 
The compact coupler on the substrate e=4.4 and h=1 mm is shown in figure 9, and its frequency 





Figure 9. Compact coupler  topology  Figure 10. S-parameters from frequency 
 
The compact coupler on the substrate e=3.4 and h=1 mm is shown in figure 11, and its frequency 
characteristics are illustrated in Fig.12. 
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Figure 11. Compact 
coupler topology 
 Figure 12. S-parameters from frequency 
 
The compact coupler on the substrate e=2.5 and h=1 mm is shown in figure 13, and its frequency 





Figure 13. Compact 
coupler topology 
 Figure 14. S-parameters from frequency 
 
The compact coupler on the substrate e=4.4 and h=1.5 mm is shown in figure 15, and its frequency 





Figure 15. Compact coupler 
topology 
 Figure 16. S-parameters from frequency 
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The compact coupler on the substrate e=4.4 and h=2 mm is shown in figure 17, and its frequency 





Figure 17. Compact coupler 
topology 
 Figure 18. S-parameters from frequency 
Table 1. Comparison of coupler 
Substrate Design Area, mm2 Bandwidth, MHz 





Standard 1037 226 58% 
22% Compact 435 176 
Е =3.4 Standard 786 225 52.2% 
H=1mm Compact 376 186 17.3% 
Е =4.4 
H=1mm 
Standard 628 225 47% 
37% Compact 332.9 140 
Е =5.5 
H=1mm 
Standard 512 224 48% 
64% Compact 265.3 80 
Е =4.4 Standard 753 220 49.5% 
H=1.5mm  
Е =4.4 
Compact 380.65 177 19.5% 
56.5% Standard 875 215 
H=2mm   Compact 381.5 194 9.7% 
 
3. Conclusion 
As a result of the study, it was found that the degree of miniaturization is affected by the dielectric 
constant and thickness. So the thicker the substrate, the higher the percentage of miniaturization of the 
design area, as well as in a wider frequency band, the operating frequency band remains at the level of 
20 dB decoupling. With increasing dielectric constant miniaturization efficiency decreases as the area 
decreases, and to preserve the characteristics of the device. 
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